Background: Transient neurological deficits are relatively common after direct
INTRODUCTION
The apparent diffusion coefficient (ADC) from diffusion-weighted imaging (DWI) has been used as a marker of subtle structural changes in normal-appearing white matter (NAWM) on T2-weighted and fluid-attenuated inversion recuperation (FLAIR) imaging. (7, 8) Elevated ADC in NAWM has been identified in cases of extracranial internal carotid artery stenosis (8) and ischemic leukoaraiosis, (7) and in the elderly. (9) Recent evidence from a CBF study in patients with MMD has shown that ADC elevation in NAWM correlates with severe reductions in cerebrovascular reserve Here, we hypothesized that more severely impaired CVR would be associated with increased susceptibility to postoperative events. This study therefore investigated whether preoperative elevation of ADC in NAWM could provide a predictor of postoperative transient neurological deterioration. 
MATERIALS AND METHODS

Patients
Surgery and postoperative management
Direct revascularization comprised STA-MCA single bypass in all cases. Indirect revascularization methods were not included. In our institution, the STA graft is usually anastomosed to the superior trunk of the MCA. After the surgery, blood pressure was kept in control with preoperative level. The antiplatelets were restarted postoperative day two or three after no hemorrhagic complication was confirmed on radiological examination.
Measurement of preoperative mean ADC in NAWM
MRI was conducted using a 3-T scanner (Magnetom Trio; Siemens, Erlangen, Germany) with a 32-channel phased-array head coil. DWI was obtained using a single-shot echo-planar sequence with the following sequence protocol: repetition time, FWHM of the collimator was 10 mm. In evaluating the results of SPECT, marked CBF increases in focal vascular territories were defined as focal hyperemia.
Statistical analysis
Univariate analysis was performed to investigate relationships between mean ADC in NAWM for patients with and without postoperative transient neurological deficits. The
Mann-Whitney U test was used to calculate P-values for non-parametric data. To determine whether preoperative ADC in NAWM could predict postoperative transient neurological deficits, a receiver operating characteristics (ROC) curve was constructed.
Cut-off values were set using the Youden index. Patients were divided into two groups using this cut-off value. Fisher's exact test examined the relationship between focal hyperemia on postoperative SPECT, mean ADC and transient neurological deficits after revascularization. Statistical data were generated using JMP version 10.0.2 software (SAS Institute, Cary, NC). Values of P<0.05 were considered statistically significant.
RESULTS
Among the 26 subjects, 20 (76.9%) showed transient neurological deficits after revascularization and the remaining 6 patients (23.1%) did not. Symptoms appeared in the early postoperative period (mean, 3 days; range, 0-7 days) and resolved in the short term. All symptoms appeared contralateral to the side of surgery and are summarized in Table 1 . Postoperative MRI, including MRA, DWI and T2*-weighted imaging, revealed all bypasses were patent and no evidence of perioperative stroke events in any patients.
Focal hyperemia on postoperative SPECT appeared in 11 of 20 subjects with postoperative transient neurological deficits and in 1 of 6 subjects without (P=0.12).
Mean ADCs in patients with and without postoperative transient neurological deficits were 748.3±12 mm 2 /s ×10 -6 and 679.7±21.9 mm 2 /s ×10 -6 , respectively (P=0.0091). The box-and-whisker plot of this result is shown in Figure 2 . Using the Youden index from the ROC curve (705.5; 70% sensitivity and 83.3% specificity), a significant relationship between mean ADC and transient neurological deficits after revascularization was identified (P=0.032, Table 2 ).
DISCUSSION
In this study, preoperatively elevated diffusion in NAWM offered a predictor of postoperative transient neurological deficits in patients with adult MMD. This is the first report to present a relationship between preoperative ADC and transient neurological deficits after revascularization surgery.
ADC elevation has been reported to reflect water diffusivity due to axonal loss with subtle structural changes in NAWM. But compulsory blood pressure lowering has possibility to induce low cerebral perfusion pressure on untreated region especially in patients with advanced stage.
Considering this concern, we have carried "habitual blood pressure" control in the perioperative period. Such results are clinically relevant because MRI is available in many facilities, improving applicability in cases where PET or other modality might be unavailable.
Several limitations must be considered when interpreting the results of this study. First, the number of patients was relatively small. The incidence of postoperative neurological deterioration was higher than that in previous reports,(2) and the criteria for patient selection were not objective, so biases might have influenced the results. Ideally, a multicenter, randomized, prospective study should be performed. Second, in this study, data from cases with revascularization surgery on one side were combined with data from those with revascularization surgery on both sides in the analysis; analyzing these data separately would allow a more precise assessment. Improved CBF or CVR following contralateral surgery may impact the mean ADC on the ipsilateral side. This may be a critical issue; to evaluate postoperative hemodynamic change that is undetectable using SPECT by ADC comparing with preoperative one and development of transient neurological deficits is essential in the further investigation. Also, it is certainly important implication for clinicians to predict not transient but permanent complication of the surgery. We think final object of our study is to predict permanent complication during perioperative period using preoperative information.
CONCLUSIONS
This is the first study to predict transient postoperative neurological deterioration using preoperative mean ADC in adult patients with MMD. Elevated ADC may suggest a risk of postoperative symptoms was not correlated with hyperemia on SPECT. To acquire more solid evidence and elucidate the detailed mechanisms underlying postoperative events, further investigation is essential. 
